A glandular secretion of the civet cat, (2S,6S)-(6-methyltetrahydropyran-2-yl)acetic acid 1 and its enantiomer, were synthesized from the yeast-reduction product and recovered substrate from yeast reduction.
(2S,6S)-(6-Methyltetrahydropyran-2-yl)acetic acid 1 is a glandular secretion of the civet cat.
1) Two syntheses of 1 using an enzyme-catalyzed reaction have been reported. One of them employed porcine pancreatic lipase to give a synthetic intermediate of 58% ee, 2) and the another used Thermoanaerobium brockii alcohol dehydrogenase to obtain a synthetic intermediate of 98% ee. 3) In this study, compound (R)-5, which has been derived from yeast-reduction product 2 in more than 99% ee, 4) was selected as the starting material. This report describes a new synthetic route to (2S,6S)-1 by using a biological transformation material to give higher optical purity than that with the previous enzymatic transformation. The synthesis of (2R,6R)-1 from (S)-5 is also described. (S)-5 was prepared from recovered substrate 3 5) from the yeast reduction via ketone 4 (Scheme 1).
Results and Discussion
The starting materials, (R)-5 and (S)-5, were respectively prepared from 2 and 3 to more than 99% ee (Scheme 1). 4, 5) After hydrolyzing (R)-5 (97% yield), resulting carboxylic acid 6 was treated with pivaloyl chloride, triethylamine, and the lithium salt of (R)-4-benzyl-2-oxazolidinone to introduce Evans's chiral auxiliary in 95% yield (Scheme 2). Stereoselectivehydroxylation 6) to 7 by MoOPH 7) gave -hydroxy compound 8 as a single stereoisomer in 53% yield. Acyl oxazolidinone 7 was recovered (26%) in this hydroxylation reaction. Removal of the chiral auxiliary by LiBH 4 reduction gave glycol 9 in 89% yield. The undesired 2S isomer of 9 was not produced. This undesired 2S isomer of 9 was prepared from carboxylic acid 6 by employing (S)-4-benzyl-2-oxazolidinone. The NMR spectra of 9 were different from those of the 2S isomer of 9. After reducing to 10 via the tosylate (76% yield, 2 steps), the hydroxy group was protected as an acetate in the pyridine-acetic anhydride system in 99% y To whom correspondence should be addressed. Fax: +81-89-977-4364; E-mail: syamauch@agr.ehime-u.ac.jp yield. Selective removal of the methoxymethyl group was achieved by treating with trimethylsilyl bromide 8) to give alcohol 12 in 88% yield. Removal of methoxymethyl group under the protic acid condition was accompanied by desilylation. Cyclization to tetrahydropyran derivative 13 was achieved by successive mesylation, methanolysis and treatment with K 2 CO 3 in heated DMF in 57% yield through 3 steps. Partial cyclization was observed during this methanolysis. Desilylation by using tetrabutylammonium fluoride gave (2S,6S)-alcohol 14. The NMR datum agreed with that of the literature.
2) Desilylation under the acidic condition gave a small amount of unknown by-products. (2R,6R)-Alcohol 14 was also obtained from 3 by employing same process. To determine the optical purity, (2S,6S)-and (2R,6R)-14 were each treated with (S)-Mosher's reagent. An HPLC analysis of the resulting products with a chiral column determined the optical purity of (2S,6S)-and (2R,6R)-14 to be more than 99% ee, respectively. This alcohol 14 was oxidized 2,9-11) to 1 in 67% yield. The NMR datum agreed with that of the literature.
12)
The synthetic process involving biological transformation can be carried out under mild conditions, and the stereoselectivity is sometimes high. However, only two reports have been presented for the synthesis of glandular secretion (2S,6S)-1 of the civet cat. In this experiment, compound (2S,6S)-1 and its enantiomer were synthesized by using the yeast-reduction product and its recovered substrate from yeast reduction. This new synthetic method employing enzyme-catalyzed product gave higher optical purity than previously reported enzymatic transformation. The use of recovered substrate 3 was also demonstrated.
Experimental
NMR data were measured by a JNM-EX400 spectrometer, IR spectra were determined with a Shimadzu FTIR-8100 spectrophotometer, and optical rotation values were evaluated with a HORIBA SEPA-200 instrument. The silica gel used was Wakogel C-300 (Wako, 200-300 mesh). HPLC analyses were performed with Shimadzu LC-6AD and SPD-6AV instruments. (4) . To an ice-cooled suspension of LiAlH 4 (5.35 g, 0.14 mol) in ether (200 ml) was added a solution of (S)-ketoester 3 5) (26.3 g, 0.15 mol) in ether (150 ml). The resulting reaction mixture was stirred at room temperature for 1 h before additions of sat. aq. MgSO 4 and K 2 CO 3 . After stirring at room temperature for 30 min, the mixture was filtered. The filtrate was concentrated to give crude diol. To an ice-cooled solution of the crude diol, Et 3 N (25.1 ml, 18.2 g, 0.18 mol), and 4-DMAP (0.73 g, 0.006 mol) in CH 2 Cl 2 (50 ml) was added tertBuPh 2 SiCl (39.0 ml, 41.2 g, 0.15 mol). After the resulting reaction mixture was stirred at room temperature for 1 h, H 2 O and CH 2 Cl 2 were added. The organic solution was separated, washed with brine, and dried (Na 2 SO 4 ). Concentration gave a crude silyloxy alcohol. A reaction mixture of the crude silyloxy alcohol and PCC (36.6 g, 0.17 mol), and MS 4A (0.5 g) in CH 2 Cl 2 (250 ml) was (
C, 12 h (57%, 3 steps); (i) (n-Bu) 4 NF, THF, r.t., 2 h (80%); (j) Jones reagent, acetone, 0 C, 2 h (84%). stirred at room temperature for 16 h before addition of ether. After filtration, the filtrate was concentrated. The residue was applied to silica gel column chromatography (2% EtOAc/hexane) to give ketone 4 (41.9 g, 0.11 mol, 73%) as a colorless oil. NMR spectra were agreed with that of literature. 4 
. To a solution of carboxylic acid 6 (10.2 g, 22.2 mmol) in THF (200 ml) was added Et 3 N (3.25 ml, 2.36 g, 23.3 mmol) and PivCl (2.87 ml, 2.81 g, 23.3 mmol) at À75 C, and then the resulting mixture was stirred at 0 C for 1 h before cooling to À75 C. To the resulting mixture was added a solution of lithium salt of (R)-4-benzyl-2-oxazolidinone (4.13 g, 23.3 mmol) in THF (100 ml) at À75 C. After the resulting reaction mixture was stirred at 0 C for 1 h, sat. aq. NH 4 Cl solution was added. The organic solution was separated, washed with brine, and dried (Na 2 SO 4 ). Concentration followed by silica gel column chromatography (EtOAc/hexane ¼ 1=4) gave acyl oxazolidinone 7 (13.0 g, 21.0 mmol, 95%) as a colorless oil. ½ (2R,6R)-8-(tert-Butyldiphenylsilyloxy)-6-(methoxymethoxy)-1,2-octanediol (9). To an ice-cooled solution of acyl oxazolidinone 8 (7.04 g, 11.1 mmol) and MeOH (1.80 ml, 44.4 mmol) in THF (50 ml) was added LiBH 4 (1.21 g, 55.6 mmol). The reaction solution was stirred at 0 C for 2 h before additions of sat. aq. NH 4 Cl solution and EtOAc. The organic solution was separated, washed with brine, and dried (Na 2 SO 4 ). Concentration followed by silica gel column chromatography (EtOAc/hexane ¼ 2=1) gave glycol 9 (4.57 g, 9.92 mmol, 89%) as a colorless oil. ½ (2S,6R)-8-(tert-Butyldiphenylsilyloxy)-6-(methoxymethoxy)oct-2-yl acetate (11) . A reaction solution of alcohol 10 (3.45 g, 7.76 mmol) and 4-DMAP (10 mg, 0.082 mmol) in pyridine (3.5 ml) and acetic anhydride (3.5 ml) was stirred at room temperature for 1 h before addition of ice. The mixture was extracted with EtOAc. The extract was washed with 1 M aq. HCl solution and sat. aq. NaHCO 3 solution, and brine, and dried (Na 2 SO 4 ). Concentration followed by silica gel column chromatography (EtOAc/hexane ¼ 1=9) gave acetate 11 (3.74 g, 7.68 mmol, 99%) as a colorless oil. ½ (2S,6R)-8-(tert-Butyldiphenylsilyloxy)-6-hydroxyoct-2-yl acetate (12) . To a solution of MOM ether 11 (4.23 g, 8.69 mmol) in CH 2 Cl 2 (85 ml) was added TMSBr (1.14 ml, 1.32 g, 8.64 mmol) at À10 C, and then the reaction solution was stirred at À10 C for 2 h. After addition of sat. aq. NaHCO 3 solution, the organic solution was separated, washed with brine, and dried (Na 2 SO 4 ). (2S,6S)-2-(tert-Butyldiphenylsilyloxyethyl)-6-methyltetrahydropyran (13). To an ice-cooled solution of hydroxy acetate 12 (3.38 g, 7.64 mmol) and Et 3 N (1.17 ml, 0.85 g, 8.39 mmol) in CH 2 Cl 2 (3.5 ml) was added MsCl (0.65 ml, 0.96 g, 8.40 mmol). The reaction mixture was stirred at room temperature for 1 h before additions of sat. aq. NaHCO 3 solution and CH 2 Cl 2 . The organic solution was separated, washed with brine, and dried (Na 2 SO 4 ). After concentration, a mixture of the residue and K 2 CO 3 (1.06 g, 7.67 mmol) in MeOH (10 ml) was stirred at room temperature for 16 h before concentration. The residue was dissolved in H 2 O and EtOAc. The organic solution was separated, washed with brine, and dried (Na 2 SO 4 ). After concentration, a mixture of the residue and K 2 CO 3 (1.06 g, 7.67 mmol) in DMF (3.5 ml) was stirred at 100 C for 12 h before additions of H 2 O and EtOAc. The organic solution was separated, washed with brine, and dried (Na 2 SO 4 ). Concentration followed by silica gel column chromatography (2% EtOAc in hexane) gave tetrahydropyran derivative 13 (1.68 g, 4.39 mmol, 57%) as a colorless oil. ½ (2S,6S)-(6-Methyltetrahydropyran-2-yl)acetic acid (1) . To an ice-cooled solution of alcohol 14 (0.27 g, 1.87 mmol) in acetone (2 ml) was added Jones reagent until the color turned to orange. After the reaction mixture was stirred in ice-bath for 2 h, H 2 O and CH 2 Cl 2 were added. The organic solution was separated, washed with brine, and dried (Na 2 SO 4 ). Concentration followed by silica gel column chromatography (50% ether in petroleum ether) gave carboxylic acid 1 (0.25 g, 1.58 mmol, 84%) as a colorless oil. ½ The NMR data agreed with those in the literature. 
